Much clinical evidence would suggest that there is a change in carbohydrate metabolism during pregnancy (2) (3) (4) (5) (6) (7) (8) . In the past, the diabetogenic effects of pregnancy have been attributed to an increased elaboration of hormonal contrainsulin factors. An alteration in the degradation of insulin during pregnancy might constitute a supplemental or alternative mechanism. It has been shown by Mirsky, Perisutti and Dixon (9, 10) and Tomizawa, Nutley, Narahara and Williams (11, 12) that various animal tissues, such as liver, contain relatively specific enzymes for the proteolytic inactivation of insulin. To date, such systems have not been studied in isolated preparations of human tissues. In the present study, the presence of an active, enzymatic mechanism for the proteolytic degradation of insulin has been demonstrated in human placental tissues. The characteristics of the system have been defined and its potential contributions to maternal insulin economy have been evaluated. MATERIALS 1. I1"'-insulin. Crystalline beef insulin (Lilly zinc insulin No. 535664 assaying 27 units per mg.) was purchased from Abbott Laboratories, Oak Ridge, Tennessee, in solutions containing 0.1 mg. insulin per ml. It had been labeled with I'31 to an initial specific activity of 4 to 7 mc. per mg. The iodination entailed the substitution "approximately one atom of iodine per molecule of insulin, assuming a molecular weight of 6,000 for the insulin" (13) . Upon receipt in this laboratory, the I1`insulin was immediately diluted with four parts of phosphate-buffered sodium chloride (116 mMoles per L.) tional Institute for Arthritis and Metabolic Diseases. containing 5 per cent human serum albumin (HSA).
Thereafter, the material was dialyzed at 40 C. for 24 hours against serial changes of sodium chloride (135 mMoles per L.) buffered at pH 7.4 with sodium phosphate (10 mMoles per L.). The resultant dialyzed and buffered albumin-insulin mixtures were employed as stock solutions. No stock solution was employed for more than 10 days. Between experiments, stock solutions were stored in the frozen state.
More than 98 per cent of the total radioactivity in the stock I"'1-insulin solutions could be precipitated with trichloroacetic acid (TCA). Various preparations were analyzed for homogeneity by hydrodynamic flow paper chromatography (14) and by paper electrophoresis on Whatman No. 3 filter paper, in barbituric acid-sodium barbiturate buffer, pH 8.6, r/2 0.05. As judged by the latter criteria, products of radiation damage or spontaneous degradation did not exceed 7 per cent of the total radioactivity. When three separate stock solutions were diluted to 1 X 0I units per ml., their hypoglycemic potency in the rat epididymal fat pad assay system (15) was not significantly different from that of comparable quantities of unlabeled crystalline insulin.
For individual experiments, stock solutions of I`insulin were supplemented with unlabeled "glucagon-free" crystalline zinc insulin. 1 The unlabeled insulin had been dissolved in water with the addition of a few drops of 0.01 N HCO and solutions of 2 mg. insulin per ml. were maintained at pH 3.9 during storage at 4°C. 2 . Placentas. No tissues from patients with obstetrical complications or disturbances of carbohydrate metabolism were included in the present study. Term placentas were obtained following vaginal delivery or elective repeat Caesarian section. Retroplacental blood was expressed manually. Immediately thereafter, placental segments were excised with blunt dissection scissors, freed from adherent membranes, briefly blotted on filter paper and frozen on solid carbon dioxide. All manipulations were completed within 5 minutes following delivery of the placenta. Weights of the placentas and membranes were measured with a single pan balance, accurate to ± 1 Gm. For experiments involving placental slices, the tissues were not frozen but rather wrapped in cellophane and transferred to the laboratory on cracked ice in Dewar flasks.
Obstetrical management of the patients consisted of routine premedication with 90 to 120 mg. Seconal® and 0.4 mg. atropine. Caesarian sections were performed with spinal anesthesia. In some instances 1 ml. (10 I.U.) Pitocin® was administered intramuscularly prior to expulsion of the placenta. Placental enzymatic activity did not appear to be significantly affected by these medications. Comparable results were observed in two experiments in which placentas were obtained following precipitous delivery before any drugs could be administered. METHODS 1. Slice experiments. Tissue slices of 0.5 mm. thickness were prepared by free hand slicing, floated on chilled saline, and washed in three portions of saline to remove adherent blood. Two hundred + 10 mg. slices were introduced into open 20 ml. beakers containing 2.0 ml. of modified Krebs-Ringer phosphate enriched with 2 mg. per ml. of glucose (KRP-Glucose). Following temperature equilibrations, 0.2 ml. of insulin solutions was introduced and incubation was performed in the Dubnoff apparatus in an atmosphere of 100 per cent oxygen. 2. Homogenate experiments. Weighed frozen aliquots of placenta were homogenized in Potter-Elvehjem ground-glass homogenizers with two parts 0.1 M, pH 7.4, phosphate buffer to yield 1: 3 homogenates. For the standard experimental procedure, the homogenates were centrifuged for 30 minutes in an International refrigerated centrifuge at 15,000 x G and 40 C. One-half ml. aliquots of the supernatant solutions were added to 1 ml. of 0.1 M, pH 7.4, phosphate buffer contained in open 20 ml. reaction vessels. Insulin solutions were prepared by combining diluted stock solutions of I`31-insulin with varying quantities of unlabeled insulin in 0.1 M, pH 7.4, sodium phosphate buffer containing 25 mg. of HSA per ml. Enzyme and substrate preparations were equilibrated at 380 C. Thereafter, 0.5 ml. quantities of the insulin solutions were introduced into the reaction vessels and incubation was performed at 380 C. in the Dubnoff apparatus (shaking rate, 100 cycles per min.). Thus, the final reaction mixture in the standard experimental procedure consisted of 2 ml. of pH 7.4 phosphate buffer containing 12.5 mg. of HSA, varying amounts of insulin, and the 15,-000 X G soluble supernatant solution derived from 166 mg. of wet weight placenta. Control studies had indicated that the 6.2 mg. HSA per ml. did not alter enzymatic activity although it prevented adsorption of insulin to glassware and the spontaneous degradation of dilute iodoinsulin (vide infra). Moreover, this amount of HSA provided sufficient carrier protein for precipitation with TCA. In all studies, concurrent incubations were performed with blank reaction vessels containing only buffer and the insulin-HSA mixtures.
3. Assay of insulin degradation. Specific techniques employed to characterize the products of insulin degradation will be discussed separately in the Results section. In the standard experimental procedure, assay was based on the solubility characteristics of the radioactivity in TCA. At timed intervals throughout incubation, 0.2 ml. aliquots of reaction mixture were removed and introduced into 13 X 100 mm. counting tubes containing 2 ml. of 20 per cent TCA. Radioactivity was partitioned into TCA-soluble and TCA-insoluble fractions by centrifugation. The insoluble residues were washed by resuspension in 2 ml. of 20 per cent TCA and centrifuged. The TCA supernatant fractions were pooled and the washed insoluble moieties were dissolved in 4 ml. of 30 per cent KOH. Radioactive assay of the TCA-soluble and TCA-insoluble fractions was performed in a Nancy Wood well-type scintillation counter with a sensitivity of 1.0 X 10' cpm per jsc. I"f and background of 125 cpm. Sufficient counts were observed to reduce the probable error of the measurement to less than + 3 per cent. After appropriate corrections for blanks, the TCA-soluble radioactivity in individual specimens (i.e., nonprecipitable 131) was expressed as a percentage of the total radioactivity within the system (i.e., the sum of the TCA-soluble plus TCA-insoluble radioactivity).
In the slice experiments, 2 ml. of 20 per cent TCA was added to the vessels at the end of incubation. The flask contents were quantitatively transferred to Potter-Elvehjem ground-glass homogenizers and were homogenized preparatory to fractionation into TCA-soluble and TCAinsoluble components as above.
4. Analytical techniques. Paper electrophoresis was performed with the apparatus and techniques described elsewhere (16) . Butanol-acetic acid-water 78:10:12 (B Ac) and butanol-dioxane-2 N NH3 4:1:5 (BDA) were employed for chromatography. Herein, portions of untreated reaction mixture, or TCA-soluble supernatant were applied to Whatman No. 1 filter paper after being supplemented with carrier L-thyroxine (T4), L-triiodothyronine (T3), L-monoiodotyrosine (MIT), L-diiodotyrosine (DIT), sodium iodide, and 1 X 10' M 1-methyl-2 mercaptoimidazole. The carrier compounds were localized by successively spraying with solutions of 0.1 per cent palladium chloride and diazotized sulfanilic acid. Duplicate chromatograms were also sprayed with *0.1 per cent ninhydrin in acetone. Distribution of radioactivity in individual electrophoretograms and chromatograms was qualitatively localized by radioautography and quantified with the use of an electronically integrating, automatically recording, strip-scanner developed in this laboratory (17) . A micro-Kjeldahl method was employed for analysis of total nitrogen in duplicate aliquots of placental extracts. Blood glucose was measured by the method of Somogyi as modified by Nelson (18).
Methods
The published findings of ot] prompted a re-examination of the pc dological artifacts in the use of I13 vitro systems. Representative ex described in detail below.
A. Adsorption to glassware. Ter ml. beakers were filled with constar tities of I131-insulin, varying amount unlabeled insulin, and sufficient 0.1 M phate buffer to yield 2.0 ml. syste 0.25 to 500.25 ug. insulin per ml. (1 vessels were counted by being plac aluminum disk directly above a s5 tector head. Thereafter, they were 30 minutes at 380 C. in the Dubr Following incubation, the beakers into separate 10 ml. volumetric fla 50 mg. HSA and refilled with 2.0 m buffer. Repeat radioactive assay ) to assess the "percentage of the i tivity" which had been retained wit} ("glassware adsorption"). This en cent of the initial counts in the vesse nally did not contain more than 2.5 ml. (Column A, Table I ). The ev * A: "per cent of initial radioactivity" after decanting the original 2.0 ml. su, (i.e., "glassware adsorption"). t B: "per cent of initial radioactivity" i after washing successively with 2.0 ml phosphate buffer. jC: minimal estimate of "per cent of ity" rendered soluble in TCA during "spontaneous degradation"). the "adsorbed" radioactivity could be removed by washing was assessed as follows: beakers were hers (19) (20) (21) (22) decanted into the same volumetric flasks; a single Dtential metho-washing with 3.0 ml. of phosphate buffer was per-.-insulin in . formed; then the beakers were counted for a third :periments are time. As shown in Column B, Table I , more than 5 per cent of the initial radioactivity still remained uncovered 20 in these beakers.
B. Spontaneous degradation. The albumin-cons of crystalline taining 10 ml. volumetric flasks into which the in-[, pH 7.4, phos-sulin and the beaker washings had been decanted .ms containing in the above experiments were employed to as-Fable I). The sess spontaneous degradation. Control volumetric ced on a fixed flasks were prepared by directly combining 0.50 cintillation de-Pug. I131-insulin with 50 mg. HSA without pre-! incubated for liminary incubation. Flasks were diluted to conioff apparatus. stant volume and duplicate 1.0 ml. aliquots from each were fractionated into TCA-soluble and TCAwere emptied insoluble components. After appropriate correcosks containing tion for TCA-soluble radioactivity in control flasks, 1 . of phosphate minimal estimate of spontaneous degradation durwvas performed m initial radioac-ing incubation was obtained by multiplying a) the in each beaker percentage of the initial radioactivity which had Kceeded 0.25 10.00 4.4 0.7 0 * As in Table I. varying amounts of HSA (0 to 10.0 mg. per ml.) (Table II) . After 30 minutes of incubation of these beakers, the adsorption of radioactivity to glassware in vessels containing no HSA averaged 46.8 per cent as above (Table II , Column A). However, with as little as 0.10 mg. HSA per ml. in the suspending media, this adsorption was reduced to below 10 per cent. Moreover, when the initial suspending medium contained 0.50 mg. HSA per ml., two aqueous washings sufficed to recover more than 98 per cent of the radioactivity (Table II , Column B). Finally, the spontaneous degradation of insulin during 30 minutes of aerobic incubation did not occur in media containing 0.10 mg. HSA per ml. (Table II , Column C). Additional studies were performed to evaluate the reversibility of glassware adsorption. More than half of the insulin adsorbed to glass during 30 minutes of incubation of aqueous media containing 0.25 ,ug. insulin per ml. could be recovered by introducing 25 mg. HSA into the system for 5 minutes prior to decanting.
Experiments to be published elsewhere would indicate that HSA does not contain insulin, and that the effects of HSA are not due to an interaction between HSA and insulin. Rather, at pH 7.4, insulin and HSA seem to compete for similar binding sites on the glass surface. D. Conclusions. Significant adsorption to glassware and spontaneous degradation of insulin may occur during incubation of dilute insulin solutions in open vessels. The proportional magnitude of the phenomena at pH 7.4 is conditioned by a) the concentration of insulin, b) the presence of other negatively charged proteins, such as HSA, and c) the relationship between surface area and volume of medium. The contribution of such methodological artifacts can be minimized by the inclusion of HSA in all suspending media.'
Degradation of insulin by placental structuhres
Placental structures were prepared in various ways to assess their capacity to degrade insulin into TCA-soluble products.
A. Comparison of slices versus homogenates. Results of one of three experiments are presented in Table III . Slices of chorion, amnion, and placenta (200 10 mg. wet weight), and 0.2 ml. aliquots of maternal or cord blood were incubated in 2 ml. KRP-Glucose containing unlabeled insulin and tracer quantities of I13'-insulin. Cell-free systems were prepared by homogenizing 1.0 Gm. of slices or 1 ml. of maternal or cord blood with 4 ml. of KRP-Glucose and then incubating 1 ml. aliquots of the homogenates with the same amount of insulin in a final volume of 2.2 ml. During 60 minutes of incubation, all of the slice systems liberated appreciable quantities of "nonprecipitable I13113 (Table III) . Placental slices were most active on the basis of wet weight. However, none of the slice preparations was as active as homogenates prepared from equivalent amounts of tissue ( Table III) . The findings cannot be attributed to occluded blood since negligible degradation was effected by maternal or cord blood.
B. Subcellular localization of placental activity. A portion of a 1: 3 placental homogenate was stored at 40 C. while other aliquots were centrifuged either in a) an International Refrigerated centrifuge at 40 C., 15,000 X G for 30 minutes to sediment cellular debris, nuclei and most mitochondria or in b) a Model L Spinco preparative ultracentrifuge at 40 C., 100,000 x G for 60 minutes to sediment most of the microsomes in addition to the denser subcellular components. Portions of intact homogenate and the two supernatant solutions were heated for 5 minutes in water baths at 380, 550 and 1000 C. Thereafter, 0.5 ml. aliquots of the various heated and unheated preparations were incubated for 30 minutes at 380 C. with 1.5 ml. of insulin-containing phosphate buffer. As shown in Figure 1 , most of the insulin-degrading capacity of human placenta was localized in the soluble cytoplasm which remained after centrifugation at 100,000 x G. Specific activity expressed as "per cent nonprecipitable I131 per mg. N of placental extract" was increased 60 to 200 per cent by such centrifugation. The activity was largely, although not entirely, destroyed by 5 minutes of boiling.
C. Conclusions. Human placenta contains heatstable and heat-labile systems for liberating TCAsoluble radioactivity from I131-insulin. Activity is maximal in cell-free systems and localized principally in the nonparticulate soluble cytoplasm.
Products of insulin degradation by placental extracts
Additional techniques were employed to characterize the products of the reaction between insulin and placental extracts. For these and for all subsequent studies, placental homogenates were prepared and incubation was performed according to the standard experimental procedure.
A. Paper electrophoresis. In dilute solution, I131-insulin remains bound at the origin during paper electrophoresis in veronal buffer at pH 8.6 (14, 21, 24) . However, paper electrophoresis of the reaction mixture following incubation of I13Linsulin and placental extract disclosed radioactive products which migrated in the areas corresponding to the slowest moving portion of albumin and the a2-globulins ( Figure 2 ). In addition, occasionally a small amount of radioactivity was noted in the prealbumin area. More than 90 per cent of the applied radioactivity could be accounted for in these areas. Under similar conditions, recovery of inorganic 1131 averages 3.1 per cent (16) . When multiple reaction vessels were prepared with constant tracer quantities of IJ3"-insulin and varying amounts of crystalline unlabeled insulin, the formation of radioactive degradation products was inversely proportional to the total amount cf insulin within the system (Figure 2 ). Although the characteristic electrophoretic migration at pH 8.6 of the radioactive degradation products may have resulted in part from associations with plasma proteins, a similar migration was exhibited during electrophoresis of the supernatant solutions obtained following TCA-precipitation of the reaction mixtures.
B. Paper chromatography. In both acid (BAc) and alkaline (BDA) solvents, the radioactivity in the reaction mixture at all intervals following incubation was apportioned between the origin and areas which corresponded to the migration of the with four preparations of I131-insulin. Negligible radioactivity was observed in the zones corresponding to ionic iodide. Further characterization of the radioactive products was not attempted since it is not germane to the present studies. Thus, whether the "MITand DIT-like" components consist entirely of iodinated tyrosines (and do not include peptides of similar mobilities), and whether all of the "origin" radioactivity represents unaltered I131-insulin cannot be said with certainty. However, from the data, simple deiodination may be excluded as the basis for the manifest placental activity. Since the absolute formation of radioactive "MITand DIT-like" products was reduced by the inclusion of increasing quantities of unlabeled insulin in the reaction mixtures ( Figure  3) , it was inferred that the 1131-insulin validly mirrored the proteolysis of unlabeled insulin.
C. Liberation of TCA-soluble products of op-tical density at 280 m1A. Documentation of proteolysis of unlabeled insulin was secured by the method of Tomizawa and Williams (25) . Homogenates were prepared by the standard experimental procedure and dialyzed for 18 hours at 4°C
. against repeated changes of 0.1 M phosphate buffer, pH 7.4. Thereafter, 1 ml. aliquots were incubated with 1 ml. of a) phosphate buffer or b) phosphate buffer containing 2 mg. crystalline insulin per ml. Control vessels containing phosphate buffer alone or phosphate buffer plus insulin were similarly incubated. At various times during incubation, the contents of the beakers were quantitatively decanted into 3 ml. of chilled 10 per cent TCA, and the TCA-soluble supernatant solutions were read in a Beckman DU spectrophotometer at 280 mu. Significant evolution of TCAsoluble, ultraviolet-absorbing moieties was only observed in systems containing both insulin and placental extract (Table IV) .
The preliminary dialysis in these studies was instituted to reduce the appreciable concentration of nonprecipitable components of optical density at 280 mpt in the placental extracts. However, such dialysis also diminishes the insulin-degrading capacity of placental preparations. D. Bioassay. Alteration in the biological potency of insulin incubated with placental extracts was assessed by injecting portions of control and reaction mixtures into the ear veins of fasted 2 to 3 Kg. rabbits. Timed blood specimens for glucose analysis were obtained from the vessels of the ear or by cardiac puncture. Each solution was assayed in a separate animal. One of four experiments is presented in A. Relationship between insulin degradation and quantity of placental extract. Constant amounts of insulin were incubated with varying amounts of the 15,000 x G placental extract. A representative experiment is illustrated in Figure  4 . The formation of nonprecipitable I131 during incubation of I131-insulin was directly correlated with the quantity of extract in the reaction mixture. Such a relationship did not obtain with extract which had been boiled for 5 minutes prior to incubation.
B D. Effect of pH and temperature. The relationship between pH and enzymatic activity is shown in Figure 6 . Experiments were conducted with short incubation to minimize the contributions of the relatively slow, thermo-stable component. At all insulin concentrations, insulin degradation was maximal between pH 6.5 and 7.0. The relationship between insulin degradation and temperature of incubation is demonstrated in the experiment presented in Table VII . During 5 minutes of incubation, the mean temperature velocity constant was 22,000 cal. per Mole for the range 240 to 340 C. and 9,000 cal. per Mole for 340 to 380 C. Reaction velocity declined at temperatures between 420 and 550 C.
E. Inhibition of enzymatic activity. Enzyme inhibitors previously assessed in the "insulinase" system of rat liver (10, 12, 26) were examined with placental extracts (Table VIII) . Profound inhibition was effected with reagents which may affect sulfhydryl groups by oxidation-reduction (cf., cupric salts), alkylation (cf., iodoacetate), or mercaptide formation (cf., p-chloromercuribenzoate).
Specificity of the placental system was assessed by incubating small quantities of insulin (5 x 10-7 M)3 in the presence of 1 x 10-6 to 1 x 10-s MI concentrations of crystalline bovine serum albumin,' or protein hormones such as glucagon,l corticotropin (ACTH),' thyrotropin (TSH),' somatotropin (STH),' and lactogenic hormone (LTH) .1 Reactions were terminated after 5 minutes of incubation to minimize the inhibitory potential of products of proteolysis. At concentrations of 1 x 10-6 M, none of the proteins appreciably altered the degradation of insulin (Figure 7) . When present in 20-fold excess, the protein hormones effected a modest reduction in the rate of insulin breakdown. This was most pronounced with ACTH ( Figure 7) . Unlabeled insulin, added to a final insulin concentration of 1 x 10-6 to 1 x 10-5 M, more effectively reduced the formation of nonprecipitable I131 than any other protein (Figure 7) . Despite the relatively small effects of the protein hormones, the potential physiological significance of the interrelationships prompted further examination of the inhibition. Results of such studies with glucagon and ACTH are shown in Figure 8 . During 30 minutes of incubation at multiple concentrations, the effects of ACTH and glucagon conformed to a competitive type of inhibition.
F. Conclusions. The rapid degradation of insulin by unboiled placental extracts exhibits the lability, kinetic characteristics, thermal relation- 3 Calculations of molar concentrations were based on the following values for molecular weight: insulin, 12,000; bovine serum albumin, 70,000; glucagon, 4,200; corticotropin, 4,000; thyrotropin, 10,000; somatotropin, 44,250: and lactogenic hormone, 32,000. ships and circumscribed pH dependencies that are typical of enzymatic reactions. Moreover, the activity is impaired by sulfhydryl reagents and may be competitively inhibited in the presence of large quantities of such protein hormones as glucagon or ACTH. Contrariwise, the degradation of insulin by boiled placental extracts does not appear to be enzymatically mediated. The activity is slow, stable, and relatively uninfluenced by variation in the quantity of placental extract or by the temperature of incubation.
Normiial valites for insulin degradation by human placentas
In order to establish values for the normal insulin-degrading capacity of human placenta and to obtain control data for future studies of abnormal pregnancies, nine term placentas were assayed on separate days with multiple concentrations of insulin and the standard experimental procedure.
Analyses were obtained following 5 and 30 minutes of incubation. Five different preparations of I13'-insulin were employed in the nine studies. Values for fractional insulin degradation in systems containing 25, 50, 100 and 400 /Ag. of crystalline insulin per ml. are presented in Figure 9 . Significant differences could not be demonstrated in the insulin-degrading capacities of placentas obtained by vaginal delivery and placentas obtained at elective Caesarian section prior to the inception of labor. Nitrogen content of the 15,000 x G supernatant solutions derived from these 1: 3 placental homogenates averaged 423.9 mg. N per 100 mln . ± 73.1.4 For a single experiment, a placenta was obtained at the spontaneous abortion of an 18 week old fetus. An extract prepared from this placenta by the standard experimental procedure contained 233.2 mg. N per 100 ml. and effected distinct degradation of insulin (Figure 9 ).
For purposes of comparison, four similar experiments were performed with livers from fed male rats. Mean values for insulin degradation by the 15,000 x G supernatant solutions of 1: 3 rat liver homogenates are shown in Figure 9 . The insulin-degrading capacities of the rat liver preparations exceeded those of comparably prepared placental extracts. However, since the nitrogen content of the four rat liver extracts averaged 828.9 mg. per 100 ml., the differences in activities are not as great when expressed on a nitrogen rather than on a wet weight basis.
Conclusions. The studies with the nine term placentas indicate that ranges of normal activity EXTRACT. 15 are narrow and that the measurement of insulindegrading capacity represents a reproducible parameter of human placental function. The similar potencies of both Caesarian section and "vaginal delivery" placentas would suggest that insulin degradation does not result from an activation of proteolytic mechanisms during labor. Rather, the manifest activity of the single 18 week placenta may constitute evidence that placental mechanisms for insulin degradation are present at least as early as the second trimester. DISCUSSION The present studies have provided the first detailed in vitro characterization of an insulin-degrading system derived from human tissue. It has been demonstrated that cellular and subcellular preparations of human placenta can degrade J131-insulin into radioactive products which are soluble in TCA, electrophoretically distinct from ionic iodide, and which approximate the chromatographic mobilities of iodinated tyrosines. This evidence for the proteolysis of 1181-insulin has been corroborated and extended with unlabeled crystalline insulin. Thus, it has been shown that TCA-soluble, ultraviolet-absorbing products of proteolysis are evolved during incubation of native insulin with human placental extracts. Concomitantly, there is an attenuation of the hypoglycemic potency of the insulin.
Inactivation of insulin by extracts of certain tissues of animal origin has been known for some time (26) (27) (28) (29) . With the advent of I113-insulin, the mechanisms have been investigated and characterized perhaps most extensively in rat and beef liver preparations (9-12, 20, 25, 30, 31) . The similarities between the published findings for animal liver "insulinase" and the insulin-degrading system in human placenta are striking. Liver "insulinase," like the placental activity, a) is localized in the soluble cytoplasm during subcellular fractionation (20, 29, 31, 32) ; b) is inhibited by sulfhydryl reagents (10, 12, 26) ; c) is reduced by dialysis or storage (28, 29, 33) ; and d) contains both heat-stable as well as heat-labile components (10, 20, 26, 28, 32) . Moreover, in animal liver as in human placenta, the heat-labile component displays the activation energy, reaction kinetics 127 and circumscribed pH dependencies which are characteristic of enzymatic systems (10, 12, 25, 29, 30, 34) . Indeed, the Michaelis-Menten constants, based on initial velocities of insulin degradation by rat liver (34) and human placental extracts, are of similar orders of magnitude; only the pH optima differ. Although all the present studies were conducted at an initial pH of 7.4 to simulate physiological conditions, maximum placental activity is obtained at pH 6.5 to 7.0. Contrariwise, rat liver "insulinase" is most effective at pH 7.6 to 8.0 (10) . With the crude extracts of liver and placenta which have been employed, these differences are difficult to interpret. However, it should be mentioned that final pH values were not recorded in any of the previous studies, and hence, the possibility of declining pH values during incubation of rat liver preparations cannot be excluded.
The available data do not justify conclusions regarding the substrate specificity of the heatlabile placental system, nor can it be stated whether one or several enzymes participate in the manifest cleavage of insulin. Relative specificity is indicated by the fact that equimolar concentrations of a variety of proteins did not appreciably modify reaction kinetics.5 For the moment, definitive dissection of the insulin-degrading system of human placenta must await the results of further purification.
Regardless of its biochemical specificity, the physiological implications of this system warrant consideration. The placenta must be regarded, at least, as yet another tissue which can both respond to insulin and degrade insulin. For the placenta, as for other such tissues, it remains to be demonstrated whether local hormonal degradation is linked to insulin action or whether degradation 5 The competitive inhibition observed with large quantities of ACTH and glucagon need not indicate a true substrate competition for the insulin-degrading system. In 18,000 X G extracts of rat liver, ACTH and glucagon also retard insulin breakdown (25) . However, the hepatic enzymes for degrading ACTH and glucagon may be different from "insulinase" (35, 36) and "insulinase" in 18,000 X G rat liver extracts may be competitively inhibited by products of the proteolysis of ACTH or glucagon (30) . Thus, if separate enzymes for ACTH and glucagon proteolysis are also present in the 15,000 X G placental extracts, then similar interrelationships might occur. merely conditions local hormonal activity by regulating the availability of unaltered insulin. In either event, the presence of the placenta as an added site for the irreversible removal of insulin during pregnancy could significantly alter the total insulin demands of the pregnant female. Unless there were commensurate reduction in the extrauterine insulin requirements, the maintenance of hormonal equilibrium in pregnancy would necessitate the absolute availability of increased quantities of insulin. At any given time in pregnancy, the magnitude of the placental contribution to maternal insulin economy6 would be conditioned by a) the delivery of insulin to the placenta (i.e., placental blood flow), and b) the potential insulindegrading capacity of the placenta. The present studies have not documented the level of placental activity throughout human gestation, although manifest degradation was observed with the single 18 week placenta that was available for examination. Concurrent experiments with rats have demonstrated that proteolysis of insulin can be effected by the earliest formed rat placenta and that the activity per milligram of nitrogen in placental extracts remains constant throughout pregnancy (37) . Thus, if rat data may be extrapolated to humans, it may be inferred that the contributions of placental insulin degradation to maternal insulin requirements should parallel a) the vascularity of the placenta, and b) the total functioning mass of placental tissue. With this in mind, review of the clinical features of the diabetogenic effects of pregnancy may be appropriate.
In human pregnancy, tolerance to intravenous glucose is not significantly altered (38) although the response to exogenous insulin is diminished, especially in the latter half of gestation (33) . Presumably, therefore, an increased endogenous secretion of insulin is required for the preservation of normal carbohydrate metabolism during pregnancy. This premise is supported by the clinical sequence in subjects with diminished pancreatic reserve. Thus, frank diabetes mellitus frequently supervenes in prediabetic females during the latter phases of pregnancy, and, despite some conflicting reports (39) , the maintenance requirements for insulin of pregnant diabetics are often increased at this time (4) (5) (6) (7) (8) . Indeed, both Pedersen (5) and Bergqvist (7) observed the greatest augmentation of maintenance insulin requirements during the seventh month, a time at which the placenta is nearly fully developed, senescent vascular changes in the placenta have not yet occurred, the heightened cardiac output of pregnancy is at peak level (40) , and, by inference, placental perfusion is maximal. The expulsion of the conceptus is followed by a prompt reversion of the diabetogenic effects of pregnancy. Insulin requirement of diabetic patients may decline precipitously in the immediate postpartum period and normoglycemia may return in prediabetic subjects (4) (5) (6) (7) (8) . Although the latter phenomenon can be attributed in part to diminished food intake and the heightened muscular effort of labor, studies with intact rats in this laboratory would indicate that a true alteration in insulin metabolism occurs (37) . Near term, in the rat, there is an acceleration in the fractional rate of turnover of labeled insulin which cannot be explained on the basis of transplacental loss of intact insulin, and which disappears within hours following parturition. Thus, from all the clinical evidence, some correlation does seem to obtain between insulin requirements and the presence and the level of function of an intrauterine insulin-degrading site. However, alternative mechanisms could also explain these clinical findings. Among the extrauterine possibilities that have been suggested, the case for contra-insulin factors of pituitary origin is somewhat weakened by the recent studies of a woman who was hypophysectomized during pregnancy (41) . In this patient, while on constant thyroid and cortisone replacement therapy, glucose tolerance was abnormal and response to intravenous insulin was diminished at 31 weeks of gestation whereas both tests were normal 5 days postpartum. Similarly, the case for adrenal contra-insulin factors is hard to reconcile with the fact that levels of blood glucocorticoids remain elevated in the immediate postpartum period (42) despite the occasional acute reduction in insulin requirements of diabetics. As a matter of fact, the whole concept of increased adrenocortical activity during pregnancy has recently been challenged (43) . From all considerations, it would appear that the temporal relationships are most consonant with an intrauterine basis for the diabetogenic effects of pregnancy. Mediation could be effected by a) placental (or even fetal) elaboration of contrainsulin factors or b) placental (or even fetal) degradation of insulin. The present studies do not aid in differentiating between the secretory and the degradatory possibilities. Insofar as mechanisms have now been demonstrated for the proteolysis of insulin by placenta, an experimental basis has been provided for the latter possibility.7 However, such degradation need not be confined to insulin. By analogy to other tissues, the placenta might also contain enzymatic mechanisms for the proteolysis of glucagon or pituitary principles which affect pancreatic cell activity. Moreover, the alternatives of intrauterine secretion or degradation need not be mutually exclusive. It is doubtful whether any metabolic change in as complex an event as mammalian pregnancy can ever be explained in terms of a single mechanism. From the present data, it may only be suggested that alterations in hormone economy secondary to hormone degradation within the conceptus warrant consideration in any analysis of gestational changes in carbohydrate metabolism. SUMMARY 1. The presence of a system for the proteolytic inactivation of insulin has been demonstrated in human placental tissue.
2. During incubation of insulin with cellular and subcellular preparations of human placenta, insulin is degraded into trichloroacetic acid-soluble, ultraviolet-absorbing products of proteolysis. Concomitantly, the hypoglycemic potency of insulin is attenuated. 3. The system has been characterized with I131insulin and cell-free placental extracts. It has been demonstrated that placental insulin-degrading activity is localized within the soluble, nonparticu- 7 The placental insulin-degrading system may also provide a means of studying one of the suggested etiologies of diabetes mellitus. Mirsky has postulated that increased degradation of insulin could antedate manifest diabetes mellitus and constitute the insulinogenic challenge in the prediabetic state (29, 30) . The placenta may be proposed as an easily accessible human tissue wherein this thesis may be experimentally evaluated in subjects with large babies or other prediabetic stigmata. 129 late cytoplasm and consists of heat-stable and heatlabile components. The heat-labile activity effects most of the rapid inactivation of insulin and exhibits properties that are characteristic of enzymatic mechanisms. At 380 C., and pH 7.4, the Michaelis-Menten constant (Km) for the reaction was found to be 3.8 x 10-7 Moles per L., and Vmax was 11.0 /Ag. per minute per Gm. of wet weight of placenta.
4. The activities of multiple normal term placentas were assayed at various concentrations of insulin in order to obtain control data for future studies of abnormal pregnancies. It was demonstrated that insulin-degrading capacity constitutes a reproducible parameter of human placental function. Manifest activity was displayed by a single placenta obtained at the spontaneous abortion of an 18 week old fetus.
5. The insulin-degrading system of human placenta has been compared to liver "insulinase" preparations of animal origin. 6 . It has been suggested that proteolytic inactivation of protein hormones within the conceptus may be of physiological significance in the gestational changes in carbohydrate economy.
